The records and neuro-imaging studies of 8 cases of posttransplant primary CNS lymphoma (PT-PCNSL) diagnosed at Mayo Clinic Rochester between 1970 and 1998 were reviewed retrospectively. All patients received organ transplantation. Patients who had hematologic transplantation were not included in the analysis. The median and mean age of the 4 men and 4 women was 45 years (range, 34 to 50 years). The median duration of symptoms before diagnosis was 36 days (range, 5 to 98 days). At diagnosis, the neurologic examination was focally abnormal in 6 of 8 patients. Compared with the initial computed tomographic study, MRI showed 25 additional brain lesions. Only 43.7% of lesions enhanced with contrast agent; of those that did, all but one were heterogeneous. Ependymal contact occurred in 5 patients. MRI lesion burden increased proportionally to the interval between scans. Diagnostic tissue was obtained by stereotactic biopsy from 6 patients and by open biopsy from 2. Hemorrhage occurred in the biopsy area in 4 patients who had stereotactic biopsy and 2 died (all had normal coagulation studies). Slides available for review (7 patients) showed that the tumors were of CD20-positive lineage and were positive for Epstein-Barr virus, using in situ hybridization. Six patients died. Median survival for the cohort was 13 weeks. PT-PCNSL has clinical and imaging features distinct from typical PCNSL. In our series, (1) PT-PCNSL presented nonspeci cally and progressed rapidly, (2) stereotactic brain biopsy had signi cant morbidity, and (3) despite multimodal therapy, survival was poor. NeuroOncology 2, 229-238, 2000 (Posted to Neuro-Oncology [serial online], Doc. 00-034, September 13, 2000 
P T-PCNSL
3 is an uncommon and potentially fatal side effect of immunosuppression for organ transplantation. The pathogenesis is thought to be related to impairment in the cellular arm (T cell) of the immune response, leading to proliferation of B cells immortalized by EBV (Hanto et al., 1985) . Consequently, EBV has been documented by in situ hybridization in almost all patients with PT-PCNSL (Morrison et al., 1994) . Before transplantation, the presence of EBV seronegativity and cytomegalovirus sero-mismatch increases the risk of any posttransplant PTLD (Aris et al., 1996; Walker et al., 1995) . However, the use of antiviral agents has not been shown to decrease the incidence of PTLD in an EBV-negative person (Aris et al., 1996) . The use of immunosuppressive agents such as cyclosporine and rescue drugs in instances of rejection, such as muromonab-CD3 (OKT3), also increases the risk of PTLD (Walker et al., 1995) . Deletions of the interferon-a gene have been found in patients with PTLD, and treatment with interferon-a has led to clinical improvement through an effect on type 2 helper T cells (Faro et al., 1996; Wood et al 1997) .
The clinical course and neuro-imaging features in PCNSL have been well characterized (Johnson et al., 1997; O'Neill and Illig, 1989; Roman-Goldstein et al., 1992; Schwaighofer et al., 1989; Tomlinson et al., 1995) . The typical patient is male, in his seventh decade, and presents with the syndrome of a subacute mass lesion. In rare instances, PCNSL can be preceded by prodromal symptoms and even in ammatory demyelinating lesions (Alderson et al., 1996; Bender and Schapiro, 1989; Brecher et al., 1998; DeAngelis, 1990) . The typical MRI features of PCNSL are isointense to hypointense and hyperintense parenchymal masses on T1-weighted, proton density, and T2-weighted scans; homogeneous and intense contrast enhancement; contact with CSF, either at the ependymal or the pial surface; and decreased contrast enhancement in patients given corticosteroids (Jack et al., 1986) . Important distinctions have been described between the contrast enhancement pattern seen on MRI in PCNSL in immunocompetent patients and in PCNSL associated with acquired immunode ciency syndrome. In the latter, PCNSL lesions are often multiple and may appear cystlike or necrotic (Johnson et al., 1997) .
Although posttransplant systemic non-Hodgkin's lymphoma has been amply described, PT-PCNSL has been described in isolated case reports or as part of cohorts of posttransplant non-Hodgkin's lymphoma (Barnett and Schwartz, 1974; Ciancio et al., 1997; Donnelly et al., 1998; Hardwidge et al., 1990; Krikorian et al., 1978; Kwan et al., 1992; Matas et al., 1976; Miller et al., 1997; Morrison et al., 1994; Murray et al., 1986; Starlz, 1972a, 1972b; Penn et al., 1969; Penn, 1970, 1971; Schwechheimer et al., 1994; Tubman et al., 1983; van Diemen-Steenvoorde et al., 1986; Weintraub and Warnke, 1982) . Only 39 such cases have been published in the English language literature (Table 1) , and most of these antedate modern neuro-imaging. Furthermore, no study has described serial neuro-imaging evaluations in these patients. Although the method of diagnosis of PCNSL and PT-PCNSL is usually stereotactic brain biopsy (O'Neill et al., 1987) , previous reports have not commented on the potential complications of the procedure in this group of patients.
Herein, we report the rst single-institution series with clinical, imaging, pathologic, and outcome data of patients with PT-PCNSL and summarize cases reported in the literature.
Methods
We identi ed patients with PT-PCNSL by reviewing the data from the Mayo Clinic Tumor Registry, the Lymphoma Registry, and the Mayo Surgical Index between 1970 and 1998. For the purposes of this report, we de ned PT-PCNSL as lymphoma involving exclusively the CNS. Although the extent and method of systemic staging varied during the nearly 3-decade span of this review, no patient had evidence of systemic lymphoma. All patients were negative for antibodies to human immunode ciency virus and had received organ transplantation. Patients who had hematologic transplantation, including peripheral blood and stem cell transplantation, were not included in the analysis. The total number of organ transplants and the total number and types of systemic and CNS tumors occurring in those patients over the same period of study were available for comparative calculations.
The medical records of the patients were reviewed to de ne the clinical and neuro-imaging features. Patients 6 and 7 (Table 2) were previously reported as part of an infectious disease study of immunosuppressed patients (Walker et al., 1995) . CT was performed on second-and third-generation scanners. CT imaging of Patient 1 was not available for review. CT was the initial imaging modality in 6 patients, and only 2 of these studies were performed with contrast material. All except one patient underwent MRI with a 1.5-T scanner. Contrast material (gadopentetate, 0.1 mmol/kg) was given by i.v. to all 7 patients. For each patient, the neuro-imaging lms were reviewed by two of the authors (T.G.P., B.P.O.), and the number, size, and locations of the lesions were determined. Con ict resolution was not necessary because all reviews were congruent with the original reports.
A retrospective review (P.J.K.) of the brain biopsy specimens was possible for 7 of the 8 patients. The lymphomas were classi ed according to the Revised European-American Lymphoma Classi cation criteria (Harris et al., 1994) . PT-PCNSL was further characterized as monomorphic or polymorphic type by the criteria of Nalesnik et al. (1988) . In all cases, immunophenotyping studies were performed on either frozen or paraffinembedded tissue using the labeled streptavidin-biotinimmunoperoxidase technique, as previously reported (Kurtin et al., 1999) . In addition, in 6 cases, the tumors were assessed for the presence of EBV with in situ hybridization with probes that recognize EBV-encoded RNA (EBER 1 and EBER 2) according to a previously published method (Myers et al., 1995) . In 3 cases, sufcient tissue was available to perform Southern blot assays for EBV with a probe that recognizes the terminal repeat sequence of the virus (Raab-Traub and Flynn, 1986; Southern, 1975) . Next, the membranes were subjected to autoradiography.
Patients were not treated according to a standard protocol. However, for all patients, the initial treatment consisted of a reduction in immunosuppressive therapy and close surveillance for response. Treatment with cyclosporine (when used) was stopped and treatment with prednisone and azathioprine was reduced to the lowest tolerable dose in all patients. Antiviral treatment with acyclovir or valacyclovir was at the discretion of the treating physician. This treatment was commenced in 5 patients. If there was no evidence of ef cacy, the patients were offered whole-brain radiotherapy. Outcome was determined by the duration of survival and the clinical T.G. Phan, B.P. O'Neill, and P.J. Kurtin: Posttransplant primary CNS lymphoma Neuro-Oncology n O C T O B E R 2 0 00 230 These patients' characteristics were summarized from previous reports on posttransplant primary CNS lymphoma (Barnett and Schwartz, 1974; Ciancio et al., 1997; Donnelly et al., 1998; Hardwidge et al., 1990; Krikorian et al., 1978; Kwan et al., 1992; Matas et al., and imaging response to therapy. Before any patient data were reviewed, the study was approved by the Mayo Foundation Institutional Review Board.
Results

Clinical Features
The cohort consisted of 8 patients with PT-PCNSL (Table  2) . Over the same period , there were 65 cases of posttransplant non-Hodgkin's lymphoma among 2745 organ transplantations (1645 renal transplantations, 73 renal-pancreas transplantations, 860 liver transplantations, 33 lung transplantations, and 134 cardiac transplantations). None of the 134 patients who had a heart transplant developed PT-PCNSL. At Mayo Clinic Rochester, PT-PCNSL occurred in 0.3% of organ transplantations and 12.4% of all posttransplant non-Hodgkin's lymphoma cases during the study period. Seven of the patients received cyclosporine and 4 received muromonab-CD3. Two patients received cyclosporine, muromonab-CD3, and antilymphocyte globulin (Patients 2 and 6, Table 2 ). The median time to onset of PT-PCNSL was 19 months (range, 3 to 61 months). Most of the patients still maintained a functioning graft, although 5 of the 8 patients experienced graft rejection phenomena. The mean duration of symptoms before diagnosis was 36 days (range, 5 to 98 days). The commonest presenting symptom was lethargy (6 patients), followed by headache (5 patients), fever (4 patients), and confusion (4 patients). Six patients (75%) had focal ndings on neurologic examination at diagnosis. One patient (Patient 8) became stuporous because of obstructive hydrocephalus and required emergency placement of a ventricular shunt and a suboccipital craniotomy.
Six patients had opportunistic infections, presumably reflecting the severity of immunosuppression, and of these, 5 had documented cytomegalovirus viremia and 1 had cryptococcal meningitis within 3 months after the diagnosis of PT-PCNSL. All 6 patients who had in situ EBV hybridization studies on brain tissue were positive for the virus. Clonality of EBV was documented in the 2 patients in whom the test was done.
Outcome
Median survival after the diagnosis of PT-PCNSL was 13 weeks, with the longest survivor alive after 93 months (Table 3) . Five patients had intracranial hemorrhages. Hemorrhage occurred at the biopsy site in 4 patients (Patients 4-7) who had stereotactic biopsies and along the course of a ventricular catheter in the patient (Patient 8) who required an emergency shunt. Two patients died of parenchymal hemorrhage. Antiviral therapy had no effect on the progression of lymphoma in our patients. This step-up regimen from reduction of immunosuppression to radiotherapy was possible in only 4 patients.
CSF Analysis
The CSF was analyzed in all 8 patients and in 6 of them (Patients 1-3, 5, 7, and 8) while they were still receiving their usual dose of immunosuppressive drugs (Table 4) . In Patient 4, treatment with all immunosuppressive agents ceased 4 weeks before CSF analysis because of a nonfunctioning graft, and in Patient 6, cyclosporine treatment had stopped 9 months before CSF analysis because of a presumed drug-related leukoencephalopathy. CSF ndings were normal in 2 patients and nonspeci cally abnormal in the other 6. The most common nding was an increased protein concentration (median, 72 mg/dl).
Results of CSF ow cytometry were abnormal in 1 (Patient 5) of the 2 patients in whom it was performed. Five CSF analyses were performed over 8 weeks in Patient 2 to monitor treatment of cryptococcal meningitis. Despite serial CSF examinations, the development of PT-PCNSL in this patient was not heralded by abnormal cytologic ndings or by an increase in the CSF cell count or protein concentration, but by the development of new T.G. Phan, B.P. O'Neill, and P.J. Kurtin: Posttransplant primary CNS lymphoma Neuro-Oncology n O C T O B E R 2 0 00 232 http://neuro-oncology.oxfordjournals.org/ neurologic symptoms. In the one patient (Patient 3) who had polymerase chain reaction performed, the results were negative for both EBV and cytomegalovirus. None of the patients had any complication from lumbar puncture. In one patient (Patient 7), CSF was obtained at the time of ventricular shunting.
Neuro-imaging
The initial CT findings were abnormal in 4 of the 6 patients in whom the study was performed, and the PT-PCNSL lesions varied in appearance from hypodense to moderately hyperdense. In one patient, the hypodense area was initially interpreted as subcortical infarction. Contrast enhancement occurred in one-third of these CT-visible lesions. Heterogeneous enhancement was the predominant pattern (as it was with enhancement on MRI). Two symptomatic patients had normal CT ndings (Fig. 1) . Overall, 25 more lesions were seen on the initial MRI performed 1 to 15 days after the initial CT examination. A second MRI study was performed in 5 patients and showed 9 additional lesions. Lesion size ranged from 5 to 40 mm. Of the 32 lesions seen on the initial MRI studies in 7 patients, 13 (40.6%) were located in the basal ganglia, 8 (25%) in the frontal lobe, 3 (9%) were in the temporal lobe, 3 (9%) in the brain stem, and 3 (9%) in the cerebellum. There was ependymal contact in 5 patients, 4 of whom died. The lesions were well de ned and appeared hypointense on T1-weighted and T2-weighted sequences or as a high signal T2 rim with a hypointense center on T1-weighted and T2-weighted sequences. Uncommonly, a lesion appeared as heterogeneously hyperintense on T2-and isointense on T1-weighted sequences (Patients 4 and 7) . 
A B C D E
On MRI, contrast enhancement occurred in only 44% of the lesions (all the patients except Patient 4 were taking corticosteroids at the time of the scan). Homogeneous enhancement occurred in only one patient (Patient 2). The rest had rim enhancement or heterogeneous enhancement. In one patient, the MRI features resembled those of a highgrade glioma because of the vasogenic edema, heterogeneous T2 signal abnormality, and heterogeneous contrast enhancement, giving a "necrotic" appearance (Fig. 2) . Each of the progressively multiple lesions seen on serial MRI scans also had variable enhancement with contrast agent.
A mass effect was seen in 3 patients (Patients 6, 7, and 8) and was associated with a poor outcome only in Patient 8, who required emergency craniectomy and ventricular shunting because of a cerebellar vermal lesion that caused displacement of the fourth ventricle and partial obstructive hydrocephalus. Meningeal enhancement was seen in 3 patients (Patients 3, 4, and 8). In Patient 3, the MRI features proceeded from normal to abnormal T2 signal to gadolinium contrast enhancement of the parenchyma and, eventually, the meninges.
Brain Biopsy and Hemorrhage
Stereotactic biopsy was performed in 6 patients and open biopsy in the other 2. Hemorrhage occurred at the biopsy site in 4 patients (Patients 4-7) who had stereotactic biopsy and one other patient had hemorrhage along the track of the external ventricular drain. Two of these patients died of hemorrhage: 1 died 1 day after biopsy of a caudate lesion and the other died 1 week after biopsy of a thalamic lesion. Delayed hemorrhage occurred at the biopsy site and other sites after radiotherapy in Patient 7. No risk factors, such as lesional hemorrhage on preoperative neuro-imaging or abnormal coagulation studies, were identi ed. Although no hemorrhage was apparent on the preoperative CT study in Patient 5, MRI showed evidence of minimal hemosiderin deposition that suggested an old hemorrhage in the lesion (Fig. 1) .
Pathology
Similar histologic features were observed in all 7 tissue samples and are illustrated in Fig. 3 . Five of the 7 tissue samples had foci of necrosis. In all 7 samples, the neoplastic cells were CD20 + CD3 -B cells, and in all 6 samples studied with in situ hybridization, the cells were strongly positive for EBV. Clonality was assessed with the EBV terminal repeat assay in 3 samples, and a single dominant band was observed in all of them, indicating the presence of EBV and clonality of the lymphoma. Using the Revised European-American Lymphoma classi cation, the neoplasms would be classi ed as diffuse large B-cell lymphomas. Using the criteria of Nalesnik et al. (1988) for classi cation of PTLD, all would be included in the monomorphic category.
Discussion
The present study has several limitations. One, it is a retrospective study from a single institution and, thus, has an inherent selection bias. Two, because of the small number of patients studied, generalizations cannot be made about the clinical and neuro-imaging characteristics or treatment of PT-PCNSL. Nevertheless, there are several noteworthy differences between our cohort and the 39 cases of PT-PCNSL reported in the English language literature. Of the 39 reported patients, only 4 had cardiac transplantation and most had renal transplantation (Barnett and Schwartz, 1974; Ciancio et al., 1997; Donnelly et al., 1998; Hardwidge et al., 1990; Krikorian et al., 1978; Kwan et al., 1992; Matas et al., 1976; Miller et al., 1997; Morrison et al., 1994; Murray et al., 1986; Penn et al., 1969; Penn, 1970, 1971; Starlz, 1972a, 1972b; Schwechheimer et al., 1994; Tubman et al., 1983; van Diemen-Steenvoorde et al., 1986; Weintraub and Warnke, 1982) . The patients in our cohort were older, and there was no sex bias in our series and no sex bias in the reported cases. The median time from transplantation to onset of PT-PCNSL in the literature (12.6 months; range, 2 to 50 months) was similar to that in our series. None of our patients were children or adolescents, but 6 of the 39 reported patients were younger than 14 years (Penn et al., 1969) . Altogether, only 5 of the 39 patients had onset of PT-PCNSL more than 36 months after transplantation (Barnett and Schwartz, 1974; Ciancio et al., 1997; Donnelly et al., 1998; Hardwidge et al., 1990; Kwan et al., 1992; Krikorian et al., 1978; Matas et al., 1976; Miller et al., 1997; Morrison et al., 1994; Murray et al., 1986; Starlz, 1972a, 1972b; Penn et al., 1969; Penn, 1970, 1971; Schwechheimer et al., 1994; Tubman et al., 1983; van Diemen-Steenvoorde et al., 1986; Weintraub and Warnke, 1982) . The predominance of cases of PT-PCNSL among patients with kidney or kidney and pancreas transplants in our cohort and in those reported in the literature may represent a selection bias (these transplantations have been performed for a longer period and more frequently than for other organs). However, the low incidence of PT-PCNSL among heart, lung, and liver transplant recipients may indicate a biologic predisposition from disease or treatment. Nevertheless, there currently is no difference between the various transplant types in terms of selecting patients based on EBV status, but individual variations may exist in matching cytomegalovirus donor-recipient status (Arcasoy and Kotloff, 1999; McGiffin et al., 1997; Walker et al., 1995) . The 3 standard immunosuppressive agents for organ transplantation are prednisone, azathioprine, and cyclosporine. Newer agents such as tacrolimus and mycophenolate mofetil are beginning to be used clinically; however, this would not have been soon enough to have affected the higher incidence of PT-PCNSL among renal transplant recipients, and these drugs are used more often in lung and liver than in renal transplantation (Arcasoy and Kotloff, 1999) .
PT-PCNSL has clinical and imaging features distinctly different from those of typical PCNSL. In our series, PT-PCNSL presented nonspeci cally and generally progressed rapidly clinically and on serial imaging studies. In typical PCNSL, the median duration of symptoms is 8 weeks, compared with 5 weeks in our patients (Tomlison et al., 1995) . Admittedly, transplant recipients may be tested more frequently than other patients, leading to earlier detection. However, in some patients, the disease had a protracted course. Patients 2 and 6 had symptoms for a long period, and lumbar puncture and serial neuro-imaging studies did not disclose the diagnosis. These patients also recently had had an opportunistic infection, which may have masked the development or presentation of PT-PCNSL.
MRI was the preferred imaging technique in our cohort for several reasons. The number of lesions identied on MRI was greater than that on CT with contrast agent and response to therapy can be monitored. The better resolution of tissue characteristics on MRI is valuable in immunosuppressed patients, because the differential diagnosis is broader and the imaging appearance more varied. The characteristic feature of PT-PCNSL in this cohort is the variable T2-signal characteristic and the heterogeneous enhancement or rim enhancement with contrast. This may be related to necrosis seen on histologic examination (Johnson et al., 1997) . The pattern of progressive heterogeneous contrast enhancement, multiplicity of the lesions, and the predisposition to ependymal location is similar to that seen in PCNSL in acquired immunodeficiency syndrome patients (Johnson et al., 1997) . In contrast, PCNSL in immunocompetent patients has homogeneous enhancement with contrast agent. (Johnson et al., 1997; Roman-Goldstein et al., 1992) . The neuro-imaging data from the cases of PT-PCNSL reported in the literature are limited and are not suf cient to make comparisons (Barnett and Schwartz, 1974;  T.G. Phan, B.P. O'Neill and P.J. Kurtin: Posttransplant primary CNS lymphoma Neuro-Oncology n O C T O B E R 2 0 0 0 235 Ciancio et al., 1997; Donnelly et al., 1998; Hardwidge et al., 1990; Krikorian et al., 1978; Kwan et al., 1992; Matas et al., 1976; Miller et al., 1997; Morrison et al., 1994; Murray et al., 1986; Starlz, 1972a, 1972b; Penn et al., 1969; Penn, 1970, 1971; Schwechheimer et al., 1994; Tubman et al., 1983; van Diemen-Steenvoorde et al., 1986; Weintraub and Warnke, 1982) . To our knowledge, the relationship between brain biopsy and hemorrhage in PT-PCNSL has not been reported previously, even in immunocompetent patients with PCNSL (Johnson et al., 1997; Roman-Goldstein et al., 1992; Schwaighofer et al., 1989; Sherman et al., 1991; Tomlinson et al., 1995) . Delayed hemorrhage at the biopsy site and hemorrhage at other sites, as in one of our patients, suggest that it may be a characteristic of PT-PCNSL rather than a fault of the biopsy technique. There are reports of hemorrhage, before treatment, in PCNSL associated with acquired immunodeficiency syndrome and rare reports of hemorrhage in PCNSL in immunocompetent patients and as a late complication after treatment of childhood CNS lymphoma (Claviez et al., 1998; Fukui et al., 1998; Kothbauer et al., 1979; Poussaint et al., 1995; Zimmerman and Bilaniuk, 1980) . However, no predictive characteristics, either of the patient or of the neuro-imaging features, were identi ed to guide biopsy. Although acute hemorrhage was associated with death in 2 patients, the patient who had delayed hemorrhage had the best long-term outcome.
The pattern of spread of PT-PCNSL in Patient 3 was from a parenchymal lesion to involvement of the meninges. This suggests that PCNSL, or at least PT-PCNSL, may be an "inside-out" rather than an "outsidein" process (DeAngelis, 1999) . Furthermore, our group of patients demonstrated that contrast enhancementoften thought pathognomonic for PCNSL-may be a late phenomenon and may depend on many factors, including cytokine release, perivascular "cuf ng," and endothelial cell disruption (Molnar et al., 1999) . Patient 3 demonstrates the pitfalls of MRI studies in early stages of the disease. Conversely, the absence of this pattern in the other patients may indicate only that MRI was performed at a well-advanced stage of disease.
In our series, CSF examination was helpful only in showing in ammation in the CNS, indicating a need to focus investigation in this area. Although an increase in CSF protein concentration correlates with involvement of the meninges, this was not necessarily the case in our cohort (Balmaceda et al., 1995) . Only one of our patients had positive cytologic ndings. The nonspeci c clinical features and CSF ndings in our series could have been the result of masking by continuation of corticosteroid and other immunosuppressive therapy. Unlike PCNSL in acquired immunode ciency syndrome patients, we cannot recommend complete cessation of immunosuppressive therapy for this evaluation because of the risk of rejection in transplant recipients. Brink et al. (1998) suggested that the presence of EBV in CSF of patients with human immunode ciency virus infection is strongly suggestive of PCNSL. Our experience is limited with this technique in the diagnosis of PCNSL, but reports in the literature suggest this technique has promise in the early diagnosis of PCNSL in immunocompromised patients (Brink et al., 1998) .
The poor outcome in monomorphic PT-PCNSL in our cohort, despite multimodal therapy, was disappointing. This was similar to the experience reported in the literature, in which only 3 of the 39 patients were alive at the time of the reports comparisons (Barnett and Schwartz, 1974; Ciancio et al., 1997; Donnelly et al., 1998; Hardwidge et al., 1990; Krikorian et al., 1978; Kwan et al., 1992; Matas et al., 1976; Morrison et al., 1994; Murray et al., 1986; Penn, 1970, 1971; Starlz, 1972a, 1972b; Penn et al., 1969; Schwechheimer et al., 1994; Tubman et al., 1983; van Diemen-Steenvoorde et al., 1986; Weintraub and Warnke, 1982) . Sequential stepup therapy may not be the approach to take for patients with PT-PCNSL. Because all patients who survived had received the combination of antiviral therapy, reduced immunosuppressive therapy, and radiotherapy, perhaps all modalities should be combined at the outset of treatment.
Whether even more modalities should be used is open to debate and likely awaits future discoveries in the pathogenesis of PT-PCNSL and, indeed, PCNSL. Because PT-PCNSL is morphologically and immunologically similar to its systemic counterparts, adapting the treatment regimens of those diseases to the special needs of the CNS may be worthwhile.
